Chagas disease is a parasitic disease that affects the rural populations of Latin America. Vectors from the subfamily Triatominae are primarily responsible for human infection with the causal agent, Trypanosoma cruzi. Interruption of domestic vector-borne transmission by 2015 has been proposed internationally (WHO 2012) . In the 21 endemic counties in Latin America, the estimated annual incidence has decreased drastically from 700,000 in 1990 to 41,200 in 2006 41,200 in (Dias 2009 , which is primarily a result of vector control and blood donor screening (Moncayo & Silveira 2009 ). However, vector-borne transmission persists and there is a need to establish constant vector surveillance systems (Hashimoto & Yoshioka 2012) .
Currently, the central strategy for vector surveillance is community-based vector reporting and selective vector control, such as insecticide spraying (Schofield & Dias 1999 , Schofield et al. 2006 . However, in endemic countries, the national vector control programs have been facing financial and managerial challenges to longterm implementation of vector surveillance over large areas. In regions where the health systems are decentralised, the vector control programs are often underfunded and fragmented (Yadón et al. 2006) . Furthermore, the vector surveillance systems only cover limited areas, especially against widespread autochthonous vectors and fail to maintain political will or community interest. The loss of coverage or interest could lead to a recurrence of domestic vector-borne transmission. To establish effective surveillance, an innovative vector control approach is necessary (Nakagawa 2009 ).
Campaigns are a commonly used approach for public health programs, but the term "campaign" has many different meanings. Mass-media campaigns are used for zinc promotion (Wang et al. 2011) , tobacco control (Hill & Carroll 2003) or human immunodeficiency virus/acquired immune deficiency syndrome prevention (Farr et al. 2005) and are likely to change the knowledge or behaviour of the target populations (Randolph et al. 2012) . Mass distribution of public health tools, such as vaccines or insecticide-treated bed nets, is also considered an effective campaign method (Skarbinski et al. 2007 , Thwing et al. 2008 , Terlouw et al. 2010 . To control vector-borne diseases, community-based vector control through intensive educational campaigns are currently being used for lymphatic filariasis (Nandha & Krishnamoorthy 2011) and dengue fever (Johnson 2002 , Pai et al. 2006 , Shriram et al. 2009 ). To control Chagas disease, the term "campaign" has been used for massive vector control operations that include insecticide spraying (Ceballos et al. 2011 , Silveira & Dias 2011 . In general, a "campaign" seems to imply an intensive intervention that aims to deliver information, tools or services to a large population in a short time with the expectation that changes in community health-status will occur. This paper recommends a community-based bughunting campaign as an innovative approach for the control of Chagas disease. A bug-hunting campaign in Guatemala will be described and examined as a case study. The impact of the bug-hunting campaign and political opportunities for large-scale implementation will be discussed.
MATERIALS AND METHODS
Location of the bug-hunting campaign -The campaign was implemented in San Pedro Pinula, which is one of the seven municipalities of the department of Jalapa, Guatemala (Fig. 1) . San Pedro Pinula consists of 71 communities and is located between 14°33' 14°53'N and 89°43' 89°58'-W. San Pedro Pinula is located between 990-1,900 m above sea level (masl). The population size is 43,092 and 9,132 houses are located in the region (INE 2002) .
In 2000-2001, the Ministry of Health (MoH) of Guatemala conducted an entomological baseline survey in 64 communities of San Pedro Pinula, which are located under 1,600 masl, using the man-hour manual search method (Schofield 2001 Process of implementation -The "Chagas Week" campaign was designed with two main objectives: (i) detect R. prolixus and (ii) detect T. dimidiata. The central strategy was for inhabitants of the community to perform intensive bug-hunting in their houses. For community mobilisation, various stakeholders, such as the MoH health personnel, community health volunteers, schoolteachers and non-governmental organisation (NGO) workers, were involved in promotional activities. Chagas Week was implemented between 20-24 August 2007; the preceding four weeks were used as a preparation stage and a follow-up stage was conducted during the following 10 weeks.
During the preparation stage, the main task was intersectoral coordination and knowledge dissemination to raise community participation in the bug-hunting campaign. The campaign was managed and coordinated by the following three managers at the Guatemalan MoH: the departmental health director, the chief of the vector control unit in the departmental health office and the municipal health coordinator (Fig. 2) . A volunteer from the Japan International Cooperation Agency provided technical and managerial support during proposal writing, planning of the campaign process, communication between the three managers and data management.
After the departmental health director approved the proposal with financial commitment, the municipal health coordinator organised various agencies at the municipal level, such as the MoH health centres/posts, NGOs, municipal governments and municipal offices of the Ministry of Education. A total of 525 intermediate agents participated in the campaign, including nine staff from the MoH health centres/posts, 21 staff and 129 community health facilitators from a local NGO, 40 community political leaders, 76 community health volunteers, 230 primary school teachers and 20 rural development facilitators from an international NGO.
The chief of the vector control unit held seven seminars for the intermediate agents to provide the participants with basic information about Chagas disease and the procedures of bug reporting. The vector control unit provided the intermediate agents with a total of 15,000 material packages that contained letter-size promotional flyers, bug reporting forms, lottery tickets and plastic bags for capturing the bugs. The intermediate agents distributed the flyers and plastic bags in their communi- ties with the slogan, Busque la chinche picuda y gane su premio (Look for kissing bugs and win your prize) to inform community inhabitants of the campaign.
The schoolteachers gave a lesson to schoolchildren and the community leaders or health volunteers visited homes to encourage residents to look for bugs. The institutional staff from the MoH and NGOs provided information about the campaign when they had contact with community inhabitants during their daily work routines. Additionally, six staff from the vector control unit visited all 78 existing primary schools and set up "bug reporting boxes" in which schoolteachers could keep the captured bugs.
During Chagas Week, community inhabitants searched for bugs in their houses. The community inhabitants were encouraged to capture all suspicious bugs in the plastic bags and to hand the captured bugs to accessible intermediate agents, such as community health volunteers, community leaders, community health facilitators from NGO's and schoolteachers. The intermediate agents recorded the collected data on the bug reporting forms and exchanged the captured bugs for lottery tickets. The community health volunteers and leaders then transported the bugs to the MoH municipal health centre. The community health facilitators from the NGOs forwarded the bugs to the NGO departmental office. The schoolteachers deposited bugs in the bug reporting boxes and kept them until the vector control personnel visited to collect the bugs. All of the captured bugs were transported to the vector control unit office at the departmental capital.
The follow-up stage was composed of data analysis and institutional response. The vector control unit taxonomically identified all of the reported bugs and put the data in a digital database. The vector control personnel visited the homes that were reportedly infested and their neighbours' homes for a man-hour entomological investigation, delivery of prizes and insecticide spraying. Spraying activities targeted (i) all of the existing houses in the community infested with R. prolixus and (ii) houses infested with T. dimidiata.
Data collection and analysis -When the community inhabitants handed over the bugs to the intermediate agents, the following data were collected and recorded manually on the bug reporting forms: (i) name of the municipality and community, (ii) name of the householder, (iii) name and profession of the intermediate agent and (iv) date of bug collection and reporting. Later, all of the reported bugs and forms were collected at the vector control unit office, where the vector control personnel added the following information to the same forms: (v) name of the vector control personnel, (vi) number of Triatominae vectors by species and (vii) number of nonTriatominae bugs. These data were then registered in a digital database. During the institutional response, the vector control personnel collected the following data and then registered it in the digital database: (i) name of municipality and community, (ii) name of householder, (iii) date of the institutional response, (iv) number of vectors captured during the entomological investigation by species and (v) number of houses sprayed.
The bugs reported from other municipalities or of unknown origin were excluded from the data analysis. The reported bugs were sorted and counted by species and developmental stage (nymph or adult). All of the communities that were infested with Triatominae vectors were georeferenced and mapped using the GeoGeographic Information System software ArcView 3.0. The intermediate agents were classified into five categories (schoolteacher, vector control personnel, staff of the MoH health centres/posts, staff of an NGOs or neighbour) to identify the most effective method in each community for reporting bugs to the vector control unit office. With the data from the entomological investigation that were collected as a part of the institutional response, the percentage of infested communities and houses was calculated by species.
RESULTS
Bug reports from communities -In total, the vector control unit received 669 bug reports as a result of the Chagas Week campaign in San Pedro Pinula. Table I shows the number of bugs reported by the communities. Among the 2,845 bugs reported, 205 (7.2%) were Triatominae vectors, including R. prolixus, T. dimidiata and 3 shows the geographical distribution of the communities that reported vector infestation. Among the total 669 bug reports, 525 (78.5%) were reported through schoolteachers (Table II) .
Institutional response to bug reports -Among the 29 communities that reported vector infestation, the vector control unit performed entomological investigations in 25 of the communities. In four of the communities, the reported houses could not be identified due to migration or demolition. Table III shows the results of the man-hour entomological investigations. R. prolixus was confirmed in two houses in two communities. Notably, a total of 55 specimens of R. prolixus (including 32 nymphs) were collected in a peridomiciliary henhouse. For T. dimidiata, 64% (16/25) of the communities and 33.8% (25/74) of the houses were found to be infested.
In the two communities where R. prolixus was confirmed by entomological investigation, the vector control personnel sprayed all existing houses with insecticide. In the 16 communities where only T. dimidiata or T. nitida was confirmed, 27 houses were sprayed.
DISCUSSION
The bug-hunting campaign was highly effective in detecting vector infestation. In the municipality of San Pedro Pinula, the communities have continued to report vectors since the traditional community-based vector surveillance was implemented in 2004. The average number of reported vectors per year was 36 in [2004] [2005] [2006] . In contrast, during Chagas Week the total number of reported vectors increased drastically to 205 (Fig. 4) . The bug-hunting campaign was five-six-fold more effective than the previous reporting method regarding vector detection.
The increase in reported vectors during Chagas Week could largely depend on the stimulated community participation rather than the seasonal tendency of the vector population. Some studies in Mexico have indicated that the domiciliary population of T. dimidiata could increase during the hot and dry season in April-June (Dumonteil et al. 2002 , Torres-Montero et al. 2012 . Such seasonal variation is also observed in Jalapa, according to the number of bugs reported by the communities (Fig. 5) . Seasonal a: in one house, T. dimidiata was found both in intra and peridomiciliary. variation may exist in San Pedro Pinula; however, Chagas Week was implemented in August, when the number of vector reports is generally low. Therefore, it is clear that the increase in the number of reported vectors during Chagas Week was not influenced by the season. The sensitivity of vector detection rose temporarily, especially for R. prolixus. In the two communities that reported R. prolixus during Chagas Week, the traditional community-based surveillance was considered to be functioning and the vector control unit had performed repeated entomological investigations. However, R. prolixus had not been reported since 2002. The bug-hunting campaign was able to detect R. prolixus that was undetectable through routine vector surveillance.
From a taxonomical viewpoint, the quality of bug reports by communities is low. Among the reported bugs, only 7.2% were Triatominae vectors. This result may be attributable to a methodological reason rather than the capacity of community inhabitants to differentiate vectors from other bugs. During Chagas Week, the community inhabitants were encouraged to report any suspicious bugs and to avoid efforts to differentiate between species. Furthermore, participants who reported any bugs were given lottery tickets as an incentive for participation. This strategy led to low taxonomical quality and made the data analysis burdensome. However, it prevented community inhabitants from excluding true vectors from the bug-hunt based on misidentification of the species. It was also beneficial to measure the extent of community participation in communities where the vector was not present.
The data collected by the bug-hunting campaign were used to update the entomological map in a crosssectional manner (Fig. 3) . In addition to the surprising detection of R. prolixus, one community was found to be infested with T. dimidiata for the first time. In this community, the entomological baseline survey in 2001 did not detect any vectors. Therefore, the community was excluded from the vector control program until three houses reported T. dimidiata during Chagas Week. However, the bug-hunting campaign is not suitable for standard entomological evaluation, which requires calculation of entomological indicators, such as "house infestation index" or "dispersion index" (Schofield 2001 , WHO 2002 . This is because the denominator of such an index (i.e., the number of houses investigated or number of villages investigated) could never be obtained through passive surveillance. The bug-hunting campaign can be used to update a vector's geographical distribution, but not for standardised entomological evaluation.
The clear and simple slogan of the bug-hunting campaign was key to raising widespread community-interest. The term "prize" strongly motivated community inhabitants to look for and report bugs. Chagas Week provided motivation for the inhabitants of the included communities to refresh their knowledge regarding Chagas disease control, which might contribute to sustainable traditional community-based vector surveillance. Another key aspect of the campaign was the involvement of primary schools as a hub of knowledge dissemination and bug collection. In San Pedro Pinula, the primary schools are distributed widely, even in remote rural communities. The schoolteachers are highly trusted in their communities and are capable of transmitting information to schoolchildren, managing the basic reporting of the collection data and collecting bugs without losing them.
In addition to raising community-interest, a festive, participative and cross-sectoral campaign such as this likely raised political attention. The departmental health director demonstrated strong commitment towards conducting the proposed Chagas Week. The departmental health office assumed full responsibility for financial support and transportation. Furthermore, the municipal government took the initiative to organise community leaders who are often political representatives of the local committees for community development.
Bug-hunting campaigns could be an economically feasible solution to sustain vector surveillance in endemic countries. Due to limited funding, the main strat- egy for vector surveillance has shifted from institutional entomological surveys to community-based surveillance (Hashimoto & Yoshioka 2012) . However, the sensitivity of vector detection through community-based surveillance is likely to decrease without consistent institutional stimulation. For instance, the annual number of bug reports in San Pedro Pinula declined between [2004] [2005] [2006] (Fig. 4) . In this sense, a Chagas Week campaign could be used as an inexpensive method to stimulate community participation in bug reporting. Unfortunately, the present case study could not collect information regarding the financial burden that is required to conduct a costeffective analysis. However, the cost of Chagas Week only included the transportation of vector control personnel for two basic visits to the primary schools and the materials, including flyers and plastic bags. Therefore, it is recommended that the MoHs in endemic countries repeat the bug-hunting campaign annually.
A similar approach to the Guatemalan Chagas Week has been used routinely in Paraguay since the primary schools were involved in the National Chagas disease control program in 2001. As a part of the curriculum, the schools devote one week to the entomological search for Chagas disease vectors. In 2009, approximately 50,000 schoolchildren from 981 schools in five departments participated in the entomological search. Among the more than 70,000 houses inspected, four reported Triatoma infestans and 26 reported other species of Triatomine vectors (OPS/OMS 2011). The Paraguayan Chagas Week was recognised as a successful model for vector control (Silveira 2011) . Because it successfully stimulated community participation, this initiative was recommended to be extended, adapted and modified (Abad-Franch 2011) . While the Paraguayan Chagas Week found four houses with T. infestans among the 70,000 houses that were inspected, the Guatemalan Chagas Week identified 62 houses with T. dimidiata among the 9,132 existing houses. This kind of bug-hunting campaign may be much more effective in Central America, where the current target vector T. dimidiata repeatedly and widely infests houses even after insecticide spraying.
As discussed above, the bug-hunting campaign is an effective strategy that can be used to strengthen Chagas disease vector surveillance. Its positive impacts include (i) increasing the sensitivity of vector detection, (ii) providing information to update the vector distribution map and (iii) raising community and political attention regarding Chagas disease. These impacts also contribute to reactivating or sustaining the regular communitybased surveillance systems. The bug-hunting campaign could be implemented anywhere where the regular community-based vector surveillance must be strengthened.
The next challenge is to determine how to scale up and repeat the bug-hunting campaign. As a first step, it would be necessary to identify political spaces in which the bug-hunting campaign could be institutionalised by Central American Ministries of Health. Currently in Central America, there are political movements to establish "Chagas Day" on 9 July in remembrance of the birthday of Carlos Chagas, who discovered Chagas disease. Chagas Day was recognised and promoted by the 33th Council of Ministers of Health in Central America and in the Dominican Republic (COMISCA 2010) and by the 12th and 13th Central American initiatives for Chagas disease control (IPCA 2010 (IPCA , 2011 . As more political will gathers, the bug-hunting campaign will become a feasible and powerful tradition for celebrating Chagas Day.
